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Patients with coronary artery disease may not manifest
ST segmentdepressionduring exercise.Inadequate stress,
mild coronary artery disease and severe left ventricular
dysfunction have been postulated as mechanisms. The
purpose of this study was to determine the influence of
exercise R wave amplitude on ST segment depression in
81 patients with coronary artery disease (50% or greater
diameter narrowing of one or more vessels).All patients
underwent symptom-limited treadmill exercise testing
and 71 patients (88%) had concomitant thallium-201
imaging. In 26 patients, the exercise R wave amplitude
in electrocardiographic lead V5 was less than 11 mm
(Group I), and in 55 patients it was 11 mm or greater
(Group II). The two groups were similar with regard to
age, sex, propranolol administration and left ventricular
function. There was a significant difference in the inci-
Exercise electrocardiography has been used extensively as
a noninvasive test to diagnose coronary heart disease. The
merits and limitations of this technique have been reported
previously (1-17). ST segment deviation during exercise,
the most frequently used criterion, may be absent in many
patients. Such absence has been variously attributed to mild
coronary artery disease (1,5,18-23), ventricular dysfunction
(24), previous myocardial infarction (25,26) and submax-
imal stress.
The effect of R wave amplitude on ST segment depres-
sion during exercise has recently been emphasized (27,28).
Tall R waves are associated with increased magnitude of
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dence of positive exercise electrocardiograms in the two
groups (2 patients [8%1in Group I and 27patients [49%1
in Group II; p = 0.002), despite similar exercise heart
rate and extent of coronary artery disease. Myocardial
ischemia, manifested by exercise-induced angina or ex-
ercise-induced thallipm-201 perfusion defects, was sim-
ilar in both groups. Thallium-201 imaging showed per-
fusion defects in 73% of patients in Group I and in 76%
of patients in Group II (p = not significant).
Thus, R wave amplitude is a new determinant of
failure to develop ST depression during exercise. A low
R wave amplitude « 11 mm) is rarely associated with
ST depression, even in patients with muItivessel coro-
nary artery disease. Exercise thallium-201 imaging is a
valuable diagnostic tool in patients with low R wave
amplitude.
ST depression during exercise. It is not known, however,
whether low R wave amplitude will have the converse in-
fluence on ST depression during exercise. This study was
undertaken to determine the relation between R wave am-
plitude and exercise electrocardiography in patients with
coronary artery disease in the absence of Q wave myocardial
infarction.
Methods
Patients. We reviewed our records of 179 patients with
coronary artery disease (2): 50% diameter narrowing of one
or more vessels) who had had exercise electrocardiograms
within 6 months of cardiac catheterization. Patients with Q
wave myocardial infarction, concomitant valvular heart dis-
ease, left bundle branch block and nonspecific intraventric-
ular conduction delay were excluded, as were those who
had coronary bypass surgery. Eighty-one consecutive pa-
tients satisfied the inclusion criteria for this study. Seventy-
one patients (88%) also had thallium-20 1 scintigraphy dur-
ing the index treadmill exercise testing.
Exercise testing. Protocol. Each patient underwent
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symptom-limited multistage treadmill exercise testing in the
fasting state in accordance with the Bruce protocol. The
electrocardiogram was monitored continuously during ex-
ercise (leads V3 , V5 and aVF) and the blood pressure was
measured by cuff every 3 minutes during exercise and re-
covery. Exercise was continued until the patient complained
of severe angina (with or without ST depression), excessive
fatigue, leg weakness or shortness of breath, or until we
observed hypotension, frequent premature ventricular beats
or ventricular tachycardia.
Definitions. The exercise electrocardiograms were in-
terpreted as positive, negative or inconclusive (17,29). A
positive study was indicated by anyone of the following
criteria: I) 1 mm or greater horizontal or downsloping ST
segment depression; 2) a slowly rising ST segment with at
least 1.5 mm depression 80 ms after the 1 point; and 3)
additional 2.0 mm ST depression over baseline in patients
who demonstrated resting or hyperventilation ST depression
of 0.5 mm or greater. The exercise electrocardiogram was
considered negative when the patient achieved at least 85%
of the maximal predicted heart rate in the absence of ST
segment changes. The exercise electrocardiogram was con-
sidered inconclusive when 1) the patient failed to reach 85%
of the predicted heart rate in the absence of ischemic ST
changes, or 2) in the presence of ST depression (2: 0.5 mm)
at rest without an additional 2 mm of ST depression during
exercise.
Measurement of R wave amplitude. The R wave ampli-
tude was measured in lead V5 from the computer-averaged
QRS complexes in 72 patients (Computer Assisted System
for Exercise, Marquette Electronics) and by manual aver-
aging of at least 5 consecutive R waves in the remaining 9
patients. The PR segment was used as baseline. The R wave
amplitude in lead V5 was measured with the patient at rest
(supine), at peak exercise (upright) and at the end of re-
covery (sitting). Exercise electrocardiograms were evalu-
ated by one of us (S.K.) without knowledge of the results
of thallium-20l imaging.
Thallium-20l imaging. At peak exercise, 2 mCi of thal-
lium-20l was injected intravenously and the patient was
told to continue exercising for 30 to 60 seconds more. Ten
minutes after the termination of exercise, images were ob-
tained in three projections. Delayed images were obtained
4 hours later. The technique of thallium imaging and inter-
pretation of the test results have been previously reported
(17), and the size of the perfusion defect in the images was
determined according to a previously described method (30).
In brief, the perimetry of the perfusion defect was expressed
as a percent of the perimeter of the left ventricular image
in that projection, excluding the valve plane. The size of
the defect was then averaged from the three projections.
The results of the thallium imaging were interpreted without
knowledge of the other test results.
Cardiac catheterization. Cardiac catheterization and
coronary arteriography were performed by standard tech-
niques, left ventriculography was performed in the right
anterior oblique projection and the left ventricular ejection
fraction was determined by the area-length method (31).
Each coronary vessel and its major branches were visualized
in multiple projections including special sagittal oblique
projections. The coronary angiograms were interpreted by
two angiographers who were unaware of the other test re-
sults. The extent of coronary artery disease was assessed
by the number of diseased vessels with 50% or greater
diameter narrowing. Left main coronary artery disease was
equivalent to two vessel disease.
Statistical analysis. We compared the variables in dif-
ferent groups using the analysis of variance or the two-tailed
Fisher's exact test. Results are expressed as the mean ::':
the standard deviation when appropriate, A probability (p)
value of less than 0.05 was considered significant.
Results
Exercise test results. Fifty-two patients (64%) had con-
clusive exercise electrocardiograms; 29 patients (56%) had
positive tests and 23 patients (44%) had negative tests. Ex-
ercise electrocardiograms were inconclusive in 29 patients
(36%). Inconclusive exercise electrocardiograms were caused
by failure to achieve the target heart rate in 26 patients and
to baseline ST depression in 3 patients. Baseline ST depres-
sion in lead V5 (2: 0.5 mm) was present in seven patients,
three with inconclusive exercise electrocardiograms and four
with positive exercise electrocardiograms.
Forty-one patients (51%) had multivessel disease on an-
giography and 40 patients (49%) had one vessel disease.
None of the patients had akinesia or dyskinesia by left
ventriculography.
R wave amplitude during exercise. The R wave am-
plitude in lead V5 was 14.9 ::': 5.5 mm at rest, 14.5 ::': 5.9
mm at peak exercise and 14.2 ::': 5.5 mm at end recovery
(p = NS). The R wave amplitude in lead V5 at peak exercise
ranged from 4.5 to 33 mm (Fig. 1).
Patients were classified into two groups according to the
exercise R wave amplitude in lead V5: Group I comprised
26 patients with R wave amplitude less than 11 mm, and
Group II comprised 55 patients with R wave amplitude 11
mm or greater (Table I and Fig. 1), The cut point of 11.0
mm was arbitrarily chosen to separate patients with positive
exercise electrocardiograms from patients without exercise-
induced ST depression (Fig. 1). There were no significant
differences between the two groups in age, sex, propranolol
therapy, left ventricular function, extent of coronary artery
disease, exercise capacity and exercise heart rate and blood
pressure. Exercise electrocardiograms were positive in only
2 patients (8%) in Group I and in 27 patients (49%) in
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Figure 2. Incidence of positive exercise electrocardiograms
(hatched bars) and negative or inconclusive exercise electrocar-
diograms (open bars) in patients with exercise R wave amplitude
less than II mm (Group I) and II mm or greater (Group II).
Exercise ECG
Figure 1. Exercise R wave amplitude in patients with positive
(Pos.) and those with negative or inconclusive (Neg/Inc) exercise
electrocardiograms (ECG). Open circles indicate patients with
single vessel disease; closed squares indicate patients with mul-
tivessel disease.
Group I Group II
Group II (p = 0.0002) (Fig. 2). The exercise electrocar-
diograms were negative in 10 patients in Group I and in 13
patients in Group II (p < 0.003); they were inconclusive in
14 patients in Group I and 15 patients in Group II
(p = NS). The results were unchanged when patients with
inconclusive exercise electrocardiograms were excluded
(Table 2).
There were II patients with multivessel disease and R
wave amplitude of less than 11 mm. Only one of these
patients had ST depression during exercise (this patient also
had baseline ST depression). Of the 30 patients with mul-
tivessel disease and exercise R wave amplitude of II mm
or greater, 16 patients (53%) had positive exercise electro-
cardiograms. In 10 of the patients with one vessel disease,
Table 1. Pertinent Data in Patients With Coronary Artery Disease According to R Wave Amplitude During Exercise
Group I
<11 mm (n = 26)
Group II
? 11 mm (n = 55)
Age (yr)
Men
Weight (kg)
Weight/height (kg/ern)
Propranolol therapy
Ex HR (beats/min)
Ex SBP (mm Hg)
Ex duration (min)
CAD
1 vessel
Multivessel
LVEF(%)
Ex angina
Pos Ex ECG
Neg/Inc Ex ECG
Ex-induced PD
Defect size (%)
R wave amplitude (V5) (mm)
Rest
Ex
No. (%)
18 (69)
14 (54)
15 (58)
11 (42)
13 (50)
2 (8)
24 (92)
16/22 (73)
Mean ± SD No. (%)
52 ± 10
46 (84)
81 ± 15
0.46 ± 0.43
23 (42)
133 ± 28
168 :+: 26
7.2 ± 2.9
25 (45)
30 (55)
65 ± 13
23 (42)
27 (49)
28 (51)
37/49 (76)
22 ± 19
9.8 ± 2.9
8.5 ± 1.9
Mean ± SD
52 ± 8
79 ± 14
0.47 ± 0.43
135 ± 27
159 ± 26
7.1 ± 3.8
61 ± 12
22 ± 18
17.2 ± 4.8
17.4 ± 4.8
p Value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.0002
0.0002
NS
NS
<0.0001
<0.0001
CAD = coronary artery disease; ECG = electrocardiogram; Ex = exercise; HR = heart rate; LVEF = left ventricular ejection fraction; Neg/Inc
= negative or inconclusive; No. or n = number of patients; NS = not significant; p = probability; PD = perfusion defects; Pos = positive; SBP =
systolic blood pressure; SD = standard deviation.
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Table 2. Pertinent Data in Patients With Conclusive Exercise Electrocardiograms According to R Wave Amplitude During Exercise
Group I
<II mm (n '" 12)
Group II
~II mm (n = 40)
No. (%) Mean ± SD No. (%)
Age (yr) 49 ± 10
Ex HR (beats/min) 152 ± 29
Ex SBP (mm Hg) 166 ± 24
Ex duration (min) 7.9 ± 3.1
CAD
I vessel 7 (58) 16 (40)
Multivessel 5 (42) 24 (60)
LVEF(%) 69 ± 14
Ex angina 3 (25) 16 (40)
Post Ex ECG 2 (17) 27 (68)
Neg Ex ECG 10 (83) 13 (32)
Ex-induced PD 8/11 (73) 26/34 (76)
Defect size (%) 25 ± 21
R wave amplitude (Vs) (mm)
Rest 10.7 ± 3.3
Ex 8.9 ± 2.0
Abbreviations as in Table I.
Mean ± SD
52 ± 8
142 ± 27
161 ± 27
7.5 ± 4.1
62 ± 12
24 ± 18
17.1 ± 4.8
17.4 ± 4.7
p Value
NS
NS
NS
NS
NS
NS
NS
NS
0.0001
0.0001
NS
NS
0.0003
0.0001
the degree of stenosis was greater than 50%, but less than
70%. The exercise electrocardiograms were positive in only
3 of these 10 patients.
When patients were grouped according to R wave am-
plitude at rest or after exercise, the incidence of positive
exercise electrocardiograms was significantly lower in pa-
tients with R wave amplitude of less than II mm than in
patients with higher R wave amplitude (6 versus 42%,
p < 0.004 for the R wave at rest and 9 versus 42%, p <
0.006 for the R wave amplitude after exercise, respectively).
Because there is variation in the R wave amplitude in
different leads (precordial and standard), we only analyzed
the results in relation to lead Ys. The exercise R wave
amplitude in lead aYF was less than 11 mm in 77% of the
patients in Group I and in 6% of the patients in Group II.
Thallium imaging. Exercise thallium-201 images were
abnormal in 16 (73%) of 22 patients in Group I and in 37
(76%) of 49 patients in Group II (p = NS). Redistribution
images showed reperfusion of initial defects indicating is-
chemia. None of our patients had clinical findings of chronic
obstructive lung disease, pericardial effusion or hypothy-
roidism. The body weight and the ratio of body weight to
height were similar in both groups (Table I).
Discussion
Relation of R wave amplitude to ST segment depres-
sion. Previous studies. The relation between the R wave
amplitude and ST segment depression was studied by Ger-
son et al. (38) who found that in 100 asymptomatic men
the magnitude of physiologic ST depression during exercise
was related to the magnitude of R wave amplitude. In a
recent preliminary study, Hollenberg et al. (27) reported
that increased R wave amplitude may give rise to increased
magnitude of abnormal ST depression during exercise. They
found that the correlation between myocardial ischemia by
thallium scintigraphy and ST depression (using computer-
derived treadmill exercise score) was improved by correc-
tion for tall R wave amplitude.
Present data. Our study demonstrates that patients with
coronary artery disease and low R wave amplitude may fail
to demonstrate ST segment depression during exercise. It
was found that ST depression during exercise was less com-
mon in patients with low R wave amplitude than in those
with R wave amplitude of II mm or greater, even though
these groups were similar with regard to extent of coronary
artery disease, left ventricular ejection fraction, exercise
heart rate and systolic blood pressure and exercise duration.
Although the failure of patients with low R wave amplitude
to manifest ST depression during exercise may be due to
less pronounced myocardial ischemia, this is unlikely be-
cause exercise-induced angina pectoris and thallium-20l
perfusion defects were similar in the two groups.
Mechanisms of failure to manifest ST depression dur-
ing exercise. Previous studies (5,24,25,32) suggested var-
ious mechanisms to explain failure of ST depression to
develop during exercise in patients with coronary heart dis-
ease, including mild coronary artery disease, presence of
extensive anterior myocardial infarction and left ventricular
dysfunction. Kramer et al. (24) observed that patients with
left ventricular dysfunction had a higher incidence of false
negative exercise electrocardiograms than did patients with
coronary artery disease but no left ventricular dysfunction.
In a study of 97 patients with prior transmural myocardial
infarction, Castellanet et al. (25) demonstrated that patients
with previous anteroseptal myocardial infarction are less
JACC Vol. 3, No.5
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likely to manifest ischemic ST depression during exercise
than are patients with previous inferior myocardial infarc-
tion, They postulated that opposing ST segment changes
during exercise were canceled out because of associated
anterior ventricular aneurysm. Stated differently, ST seg-
ment elevation generated by the aneurysm was negated by
the ST segment depression produced by exercise-induced
subendocardial ischemia.
Because patients with an anterior ventricular aneurysm
generally have small Rwave amplitude in precordial leads,
and because R wave amplitude may itself influence ST
depression during exercise, the true mechanism underlying
the absence of ST depression in these patients is unclear.
The precise cause of low R wave amplitude in some patients
with coronary artery disease is unknown. None of our pa-
tients had chronic obstructive lung disease, myocardial in-
farction, hypothyroidism or pericardial effusion. The body
weight and the ratio of body weight to height was similar
in patients with low R wave amplitude and those with normal
R wave amplitude.
Sensitivity of exercise electrocardiography. The rel-
atively low incidence of positive exercise electrocardio-
grams among patients in our study may be related to several
factors. I) A single lead (V5) was analyzed to determine
the relation between R wave amplitude and ST depression.
Analysis of multiple leads might result in an increase in
sensitivity of exercise electrocardiography. 2) In the pres-
ence of baseline ST depression, we and others (33) have
required additional 2.0 mm for a positive test. The use of
less stringent criteria may lead to higher sensitivity. 3) Sig-
nificant coronary artery disease was defined as 50% or greater
diameter narrowing. The use of 70% or more diameter nar-
rowing may increase the likelihood of positive exercise tests.
4) Many previous studies excluded patients with inconclu-
sive exercise electrocardiograms when determining sensi-
tivity of exercise tests. 5) There was a high prevalence of
one vessel coronary disease in our study. 6) Except for
nitrates, cardiac medications were not routinely discontin-
ued before exercise testing. It should be emphasized, how-
ever, that positive exercise electrocardiograms were com-
mon in patients with exercise R wave amplitude 11 mm or
greater, but uncommon in patients with low R wave am-
plitude even in the presence of multivessel disease. Previous
studies (l,5 ,36-38) reported the sensitivity of exercise
electrocardiographic ST depression to be between 45 and
80%.
The relatively high prevalence ofpatients with one vessel
coronary disease in our study may be related to several
factors. 1) Patients with Qwave myocardial infarction were
excluded; previous studies show a high incidence of mul-
tivessel disease in patients with Q wave infarction (34,35).
2) Patients with one vessel disease are more likely to undergo
exercise testing and thallium imaging to assess the functional
significance of coronary stenosis. 3) Patients with one vessel
disease are less likely to undergo coronary bypass surgery
than are patients with multivessel disease.
Clinical implications. A low R wave amplitude during
exercise is rarely associated with ST depression in patients
with coronary artery disease. Although the exercise elec-
trocardiogram was positive in only 8% of patients with
coronary artery disease and low R wave amplitude, exercise
thallium-201 myocardial imaging proved particularly useful
because it identified coronary artery disease in 73% of those
patients. Further investigation is required to determine the
mechanism of the interaction between ST segment depres-
sion and R wave amplitude.
We thank Jacqueline Hackney for her superb technical assistance, Valerie
Wakefield for her secretarial assistance and Edith Schwager for her editorial
assistance.
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